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in- 


visib3ed 
0.85 seconds(375meters). The shock frontitselfbecamein- 


visible0.10 semnds (2s40 
I.O%eters 
), 
first 
by its ltght-refrsctin$ 


pro&rty and laterby the impulseIt”impartedto a balloonoable. The 


mass motionof the ail?cou~ ~ 
dete@n@ 
f- 
a ~~@ 
of ‘he **ion ‘r 
! 
the vaporof the balloonctMeo 


‘i’he 
ball of i!%ra- 
evermore s3.ovJlg 
to a rad.luscd?about 


3.’l&~srs, w%il thedwt cKLoud@WVJIW Out 


vdoped 
it. 
At 2 seoondsthe top of the ball 
. 


3.5 secondsE minimumhorizontaldiamster,or 


of the skirtalmosten” 


startedto rim 
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R ROW vortexri~. 
The neok narrowedeand the ring and the tas%-growing 


p%le of mattereboveit rose as a new cloudof smoke,carryinga con- 


vectionstem of’dust up behindit. m 
approximatelyhorizontalboundary 
? 
within the aloud,betweentho 
rinB 
and 
the upperpart,pers~stedfor at 


%east26 seconds. T@ 
stemappearedtwistedJika a left-bandedaureLv. 


Thb ~1- 
of smoks,sumounded ~ 
a faintpurpiehazes rose wilt S*S top 


travelingat 57 mete= per seoond$at leastuntil the mneras lost its 


relationshipto the horizonat 1.5 kilomtsrs. 


III. 
D~MEtM@-~ 
THE GROILUM!RIKI! 
[6.501O+SCOMS) 


P 
Rndiuspro~ortionalto tlw two+$ths w wer of the t@e. 


Lithinthe limitsinposedby our best resolviw time of shout 


0.1 mi12iseoulld8, 
the obsemed value Of the rad$usduringthe earlyexpansion 


of the ball of fire (Figs.1, 2, 3), was proportio- to the 0.404‘0.003 


powe~of the elepsadthe. 
The relationshipoan be expressed,, 
w$thinthe 


accuracyof’the obeervatima,as: 


R ~,616 t2f5 
E@. (1} 
, 


where R in the radiusin mstera, 
and t is 
the Mm 
in seeculds.l!hiaeg%%ma 


with lkylor?stheoreticalrelationR 
tat~. After1.5 millisecondsthe 
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be pointedout: First,the t&e 
sadieof en’ the other 


to t hat Of the S1OW l(kmnFa8tax 


tie pointsotljerthan the solid 


for thetrinternalconsi.stenoycSeaondtm 
t- 


knovm relativeto the nuclearoxploaion;our xero 


Imapolat ion in FIG. 2. 
Third, 
withre&md 
to the 


tit 
104 N (r’&W), 
so the 


discs are valuableonly 


is not indeymdently 


was detemninedby ex- 
~ 
i 
radiusraemmment B, 


whioh for the 8 and 1- 
mmeras were all detsrninedi’?xxn 
horizontal 


‘diameters,it was necessaryto tio~e What to inte-t 
ae t~ e~~t 
,, 


of the ball, In view of’the blisters(of.Blisters,below): the usasure- 


ments wure made to the extremesOX the ballsexceptthat the limit in the 


direction:Jwas taken at the base ratherthan the outer surfaceof the 
‘ 
P 
compoundblister,& policythatbm@rt 
fair agreementbetweenpiotures 
‘ 


n?omN and we 


Bethehoe pointedout the usefulnessof the early 
radius-time 


rel.at 
ionehlpin the determinationof tbs totole~~ 
ml=sed 
~ 
tha 
! 
eX@OsiOn$ and Fuchs6 has givenietailsdoonoiderationto this aspsct of 


the date. 


Ef3t,Pin0h6abott= 


The sl~ht informationthatwe havefar the tlrst0.1 mllliseoonda- 
-- 


indioatesthatat tbe end qf that periodthere%~aea Unifx 
brat 
bodYs 


aphtw?iodly@gxmetrioexcaptfor en approxh’mt 
d.y uniformretardation” 
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of about30 peroentin &d~& 
“withina zone extendi~ about50 de~rees 
P 
froma polar 


dlliseoom$ 


roundedby a 


bourilarywas 


ads directedabout10 d~rees N of thenmlir. Ily0.2 


the reta~rded 
portionwas bri@ter than the rest, aml mr- 


still 
retardedabout20 peroent,but the polar regio~had 


a ~dius Indistinguishable 
in mqpitude fmm the horizontalone. The 


strikeocarrad at (0065 0,05] milliseconds.The brightzona persisted 


until it was coveredby the skirtat about2.0 milliseconds. 


Thesephenomenahave been attributedby Peierlsto the steel- 


G 


supportedwoodenplatformon v&ichthe &xlgetoradlerested. Zhe floor 


was 1.3.metarsbelowthe gadgetoenter,and extendedsymmetricallyin a 


4.# 
meter square. @e platformconsistadof a steel frmm of mass 


1.48*103lcllograms 
and an odcwoodfloorof 1.17*103lcilo~rams.Above the 


P 
platf+oma,therewere L43”l& 
kilo~ram of Steel$in additionto the sheet 


metal house of 0.68”103kil~rems8. 


~ibly 
the absenoeof evidenoeof any earlierline arisesfmm 
insuffi- 


cienttime resolutionduri~ the initialhi@-speed axpmsion$whioh Lms et 


the rate of pbout 62 km per sec. at 0.1 millisecondsand only 16 km per sea. 


t’-’ 


tit 
1 millisecond.TIM periodof the 


Sincemore than half the fieldof an 


percentof the period (cf.recordof 


partinentmmera wzm 1.4*X)-4 sec. 
. 
E&mFastaxcamerais exposedfor 55 


experhuuntsby 


filesof the Optiosgroup),the boundaryline could 


meters,or more thanenmgh to hide it by blurrhI& 


posuzw at 0.1 milliseconds. 


%he 
dataon the tower mnpow~ 
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Q? about 0.2!milliseconds,betweenthirtyand for’@blisters 


(thenumsricalostimnteis based on twoviews at right angles)had fo~ed 


on the ball. Theywere approxi~tely 
hexdspherioal 
md 
of roughlythe 
# 


waneorder iu size,with radiiof about1 to 2 meters. By 0.5 rnilliseoonds 


they coveredsurfacerQGionswith abouttwo or thzwetirestheiror~inal, 


diameters,but they protmded eli@t3y lassthan originally.Afterttmt 


time they subsidedrapidly,untiZ at 1 millisecondmost of’the s~ce 
of 


the bdl 
‘;~as 
exceedinglysmooth. lhwonly es:eoially 
t 


remnini~ thenwere one Compoundone and four or five 


noticeableblisters 


others,which rdll 


be describedbelow. 
p 
Point5,~sli~tly 


grew earlyan exce~tionslly 


dlove the 


prominent 


horizontalmdnlmost 
stra@ht 


blistcm(latitude 13° azimuth 


R’, *era 


surmountedby a seoondone slightlybelow its center(latitude‘.lOhazimuth 


93°) that frm 1 to 4 millisecondsappearsthemwillyisolrtedand i?onsiderab~ 


coolerthantho ma$n ball; almostdiametrical.~oppositewaa a mxtheslar@ 
. 
blisterthat lastedmtil about1 millisecond, ‘Oe dimensioueof the cm- 


pound blisterare given in lhbleIL 
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All distances 


Time,milliseconds 


Base blister,radius 


me fgivenin meters 


0.2 
0.5 
1.0 
5 
8 


4t313. 
30 
(gone)* 


ExlmntJ%orn spherical 
mmfxm 
374 
4 
()* 


Superposedbllster,radius 
136 
(@no) 


lbtalextent 
fmm spherical 
surface 
5 
10 
8 
4 
O* 


* Thet Is~ the extentis too s21@t for accuratemeasurementin the small-scale 


Fastaxima@s, [+ 
1 mbter). It is stillnoticeableat 10 milliseconds; 


cf. Sm. VS Irmqjularcurvature. 
:-1---..-. 
- .*-... 


Three rathdrprominent 
blisters(andpossiblya fourth,to the 


S of E where It can be seen only from the cmerds in directionN, and 


hardlyfrom them)grew at latitudeabout4 @, 
at ix%’a@lar3yepaoedazi- 


muths, 
J/w the smond 
quarter 
millisemmd 
theymade the ball appearflat- 


in theR@u 
ball. From the outsetit was ooolorthan the sphere;the 


brightness 
contmst 
increased 
until 
almut 1 tilllse~o~. 
33 
EWOW 
in equa- 


torialradlusfrcm3 rmtersat 0.2 millisecondto 6 mtars 
at 1 millisecond. 


Thex@afte%’ 
it flattenedout, ramai~ 
disttn&3.yidentifiable 


10-1 
seconds(of.Sec.V? Hot qots, Area 
P 
“ 


G* G** G ** 
G 
G** 


G 
*<** 
:: 
9 
G: : 
G: 
::*O 
G 
: 


G * Ga* G.. .**.** 


4 


boundaries). 


G 
G 0 


G| 
e* 
. 
. 
. 
. 
. . 


for 
almost 


APPROVED FOR PUBLIC RELEASE 


APPROVED FOR PUBLIC RELEASE 


G O 
G ** 
G * 
G 
,* 
G°0 : 
G** 
G 
G 
eaO* 
G 
G 
** 
G 
ma- 
G 
9** 
G 


wJikef3 


iii 
O.O 
G 
G * 
G ** 
“’:: awm 


=W- 
G 


G *,*** 
G ** 
G ** 
:00 
G S 
G 
G 
* 
G 
G 
9*99* 
G 


I 
--- 
G *. 
. 
G *O 
G 00 
6* 


0.!5 milliseconds,Gshaped 
spikesStar&adto 
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UNCLASSIFIE 
apBam 
ahead 


ball, 
1$ 


appe~ 
wary dark. Five spices00uM be seen on the three-f’ourths 
of the 


aphe~ visi~e from the aanera~.‘Itwystruokthe GXYXUMI}.etwaen2.0 smd 2*4 
,. 
tilltseoonds.All occurred@ 
nearlythe same latitude,about-3@, near the 


boundaryof the pinchedreGion.In azimuth;two pro$eetedelnxwtstraightR 


md 
one alsxmtstsai@t ;:;snd altihou@the other two QOUM not be seen in 


etweo 
* they appearedto be nearlyS. 
?ilf.3 ohcxJst~ 
le~tihcnd base radius, 


ox pmjsoted Um@jh, ot’each Syi’e. :“ol? 
them zeasuremnts,tho base is taken 


as theinW?soc*Ionof”the spikevJlththe baU of fire~ and tke len@h is 


measuredfrom the centerof the sphereeventhou@ 
the.”e is 
ovidenoethnt the 


Spii:m 
are riot radial, 
Table 1S1 showssome US the olhcm 
detailsfor each 


of the spikes.It is cleerfrom ‘l%ble111 that each of’the threespikesthat 


(- 
\ 
was observedin stm?ooori~inotedneur a verticaLc8rdinalplme thrm# 
the 


centerof the ~adget~md 
that it traveledIn a direotionbetterappro@@ed 
, 
by a line parallelto th.t plans than by a radius. 


-.. —— 


T,.I?Ll: 
ZU 


“*III 
1’ 


‘IIarZymand ‘l@eW referto the tinesof the two entriesin the azimuthoolumns. 


Nsm 
of 
I@ itude 
/&imuthet 
. 
Displacementof vertexf’rom 
spike 
0.52 0.78 L2 
1.3 
centzmlverticalcardinalplme 
m 
ma 
ms 
Xns 
early,late 


UtJ 
-330 
~;4a60 
355G4? 
3.6; 3.7 uetersE of U 
. 
i:, 
-24° 
-o 
2*D 
~.~o 
1.8, 1.8 maters of U 
., 
.. 
-29° 
84.5° 
Oc.@ 
2.9, 3.3 metorfjH of “’ 
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MIS wLres and two assooietedGables 
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mm 
to th 
~und 
fmm 
points 


approximately200 fef3t:;(latitude-=0 ), md 
the otho??justwont of it 


at appro@nately300 feet X (I@ itude-21°]. One guy uire 
au. yorted 
eaoh 


of 
thesecables,two guy rdros extendedapproximatelyJ, and one each extended 


i 


9 
ThQ systematc arrangementof the spikesin 
appmxirm%elyeast Qad t;est* 


both azinuthand Iatitudepointsto a pmba 3s relat~onohipbetweenthem ml 


the C12Ywires. lhe 


flw!lthe N Canel?os, 


(?oaxid 
ceblos. The 


Geometricrolntionship 
betveen 
the t!.oIispikes,as seen 


is in 
ualitatiwecgreermt with that betweenthe two 
) 
obsoz%edoono 8MP 
VOUM be expectedif the Voloaityof 


the shockf’rentalcm&the 


coneeuant shookfront in 


tho east$ the orientation 


cahlawere several 
Wrss 
the vd.oci~ 
of ths 


tho surroundingair. Tho ab.enoeof any spiko to 


of one spilcetoward:;ineteado$?we~t$E@ 
the baXl- 


Uhe 
@@ Of the :.spikeat lete tiimes4 
oontrad 
with 
the pointedends ofthe 


others,are not yet accountedfor by the cablehypothes~sof 


T&m or the pundstrike 


~ 
interpolation,the 


to be 
(6.5&0.5)*10+ 
WmcmdsG 


t$ne 
Of the groundstribhss 


%M 
information 
Given Mrs 
regardiw 
the my ~tires emts 
S, 


reported 
orally 
seveml 
wnths oft= the eac’)los$on, 
f- 
lh@ 


Allen,who wm 
An ohargeof the rig@~ 
at the tower,and of 


It absolutelyverifies,In J. M. k%’s opinion,the exlstenoe 


the sPikeQ~ Or@in. 


been doteimhed 


@i 
WW3t aw8 


rlanoryof N. s. 


OXISOf the Sire= o 


of a guy wire 
“ 


rur~~~~ in the Generaldirectionof east or E, but doqa not absolutelyexalude 
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eventwdly 
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the early 
post- 
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the ball Of fire it@81fduZ5W the fl~t 
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Khilethe travelof tho outerborderof the 
. . 
~rees 
ualitatlvelywi$h thet oi?the expected,@ound 


p 
elctontof the 1- 
4matePialis pzzu~. 


Gkir’t 
Zaorq the fymlcl 


f3hook, the early vertioal 


.;tartin(’$tit 3 mllliseOOEdsSan i:~owti 
botiaz’yline taijpemed 


8bOVe tha skirt. Belo\vthe line the ball ~s 
considerablybri@tor than above 


It. 
The boundaryrone at a rate that inoreasad,then decreased,uMt2 the 


J 
bounatmydimpgmred 
naar ths 


ball a~~ezwd to be enveloped 


explawtion h.lsbeen GivoQ for 


top of the ball at about 22 CllllAseooMa.The 


in a ri@i~ Ourhainof lifjht. tjoMXU3factory 


this plmnomonofi 
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C@ 
dig. 5> the vertiealvelocity..achvortlcalline In Fit?.4 extendsf- 


1 mstor abovethe rtiinuuheightto 1 meter belowthe rman hoic~t,ae msawred 


in a frame. The dashedlinea’t10.0mil-liseconde 
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the directionN, where two coaxialcablesextended 


obliquely 
f mm the ga~et 
to 
the @wnd 
and I* 
?.w two spikes 
struck 
the 


@rend 
at about 2 milliseconds, 
a V-shapedportionappdaredat the tiirthof 


the skiI%* Its aQeX 


in 40 milliseconds. 


hotterthan the rwst 


millisecondsand was 


seconds,afterwhioh 


indefinitely 
defined 


rose fxum 
the Croundto SZIaltitudeof a-~ut10 ~te= 


lluri~the earlyhistoryof the 
skirt 
it was 
muoh 


of’the skirt;the diffwxmoe becamenoticeableat 5 


very prominentIn sane lumpsbetween25 and 65 milli- 


tlm v cooledrapidly. At about30 millisecondsan 


dark spotsevidentZyconsistingof smoke,appeared 


(- 
imedialwly above it~ and cifter 40 ‘tilliseoonds, 
more of the V itselfth~” 


of its surroundingswas hiddenby amke. 
Afterthe V oooled,thereap- . 


peazwd , where the V $ad been, a relativelyclearradialpath in th 
smoky 


skirt 
region, 
that 
persisted 


materialnear the s~ikeshad 


for severalseoondsas thou@ the combustible 


been completelytiausted by bu%ni~ while the 


Bsl$,or Mach f!ront 


At 3.6 railliseoonds 
thereappearedabovethe skirt a discontinui- 


ty in ths orientationof the shook front. lhe belt belowthe breakappeared 


to be a se&melMof s new, smooth$near-sphericalsurfacewith its centar 


sli@xtlybebw 
the ~ound, in%erseo~~ theold, sphericalshock i’zunt.All 


the 


the 
.F 


olmervat ions upon this belt are consistentwith its bsiw 
interpretedas 


Mach fxwnt~and hereat?ter$ 
it 
will 
be asaumed that 
the belt was the Mach 
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thebzwakwas the Mach ‘Y”. The d.titudeOf the Y was 


functionof the azimuth. Previousto the separationof 


the ball of fire9the Mach fz’mtwas considerably 


than the spherica~shock front. After19 milliseconds 


the part seenagainstthe ball of fire appearedralativelydark Until *ho 


boundaxgdisappeared’ 
entirely@ 
about 0.1 seconds,but even after19 
I 
mllliaeaondsthe par~tlyatwas viewedalmosttangatiallyappem’di 
bti@t 


in contrastwith the spherioal 
shock front. 
-se 
otwrvations 
indioate 


that 
the “MaohI f’xmt 
was 
more 
opaque, 
and hotter,than the sphericalshook 
. 
fzmnt. At about 0.04 secondsseverala~roximtely horizontallimesap- 


(- 
pearedwithinthe r@on 
occupiedby the Mach famnte No explanationhas 


beengivenfor theselines.’‘lBble3V gives certainothordetailsOY the 


Mach front. I?i@mes4 and 6 a@w the thas dependenceof the altitudeof 


theY, and I!’lg. 
5 shows its veloci~ duriw partof 
its 
history, 


V* 
WCHERDEVELOPLWNTSIUCE’ORE 
10-2 SECfXW3. 


Mra@.ar 
muwatuxa 


The ball continuously 
appmaahed spherloityin shape as Song as 


ilm aurfam remaineddifMnot. 
r&Mle at 1 mil%iseoondthe view from N 


point,at 10 tilli8econdsthe xrmt prominentfozmmflycomma 
se@m3rrtf3 
were 


almostflat, 
and at 20 ndlliseeonils~ 
the 8urfaoawee aonvexthroughout,above 


the beM. 
At 10 mlllistwondsthe oontourof the till appemed more lih 
a 


APPROVED FOR PUBLIC RELEASE 


APPROVED FOR PUBLIC RELEASE 


, 
! ,,q 


+“ 
..., 


P 


‘,, 


,. 
----- 


G 
9.. 
G 
*9 
G * 
G°- 
: 


G 
*m*. 
* 
G** 
. 


G 
** 
G 
:*: 
& 


G 
** 
:0: 


G * 
. . . 
G 
*..:’ 


G ***.. 


G * 
G ** 
G *e. 
m*. 
G ** 
G 
G 
. 
. 
:0 
. 
. 
. . 
TA’E 
IV 
UNCIASSIFIED 


G 
G ** 
G: 


G 
G:0: 


G:0%!{{H17W\T 


Angles ere 
measured with 
respect 
to 
the horizontal. 


Positive angle means, velocity has en upward comyonent. 


Frsme no. Time, Rad.1.us,Angle, 
AI@ e, 
~~le, 


18w #209 
RS 
meters 
mairi ‘,frr.Ve 
Mach 
wave 
trajectory 
Ilormril 
E 
no 
d 
P 
w“ 
IH’A&h 
;YW 
w 


1 


4 


6.3 
i3.9 


1: 
15.4 


15 
11 
16.9 
12 
18.4 


Is 
20.0 
14 
21.5 
15 
23.0 


16 
24.5 
25 
17 
26.0 
18 
‘27.5 
19 
~9*() 
34 


“4-3 
1:: 
. ~ 
. 1 


109 
- 1.1 
O*O 


107 
-1 
0 
111 
+1 
+1 


,1~~‘ 
3 
2 
119 
3 
3 
123 
i~ 
5 


la7 
6 
7 
1flo 
6.(? 
5*(I 
131 
8 
134 
9 
: 
138 
.9 
148 
1:.0 
1.1*3 


Fastax 
t’ihm #209 


...— -. 
—. —. 


,; 


u 
.. 
& 


N 


ga Ciget 
.1! 


,$, 
., 


hor~ontal 
cs~r 
;)~i’ 
‘I,( 
Lg 
..*..-— 
... 
.. .. ..... .. . 


, 
*Qw*. 
.--... . .. ..... .. 
.. .. 
“--”’”--*J’ 
>\ 
-p 


2 


———-—. 
law 
Mitchell 
film 
-. 
- .- 
1, 
gjsd 
et 
! 
..hw.Wx&Q___ 
.w&ix._-_._...-. 
_ . 
“i 
,, 
—- 
./’ 
- 
2 
“-k 
.#’H 
2 
i:,~ 
1 
!.,=’-?- n 
--. -,.-—.--*..... .... . -.,., 
J?gurlri 
$,: 
....... . . .. 
..... .,. 
8. 
- 
:“: “J~l*f*;T 
---------- 
~. 
,, 


. . 
G.* .9* 
G 9* 
G e9 
G - 
,“ 


APPROVED FOR PUBLIC RELEASE 


APPROVED FOR PUBLIC RELEASE 


G 9 
G ** 
G 
** 
Q**: 
9* 


G 
***. 
G** 
. 


G 
*9 
: 
G 


G 
** 
:*: 
:00 
. 


G 0 
9** 
G00: 


G **9*. 


G G:0 
G m* 
G 00 
G ** 
G * 
G 
G 
G 
G 
G * 
G 
* 


G 
* 
G * 
:0 
:: 
G : 


G 
.:@: 
G 
:: 


G 00 
:.0.. 


-x7- 


UNCLASSIFIED 


polygon 
than like 
a Oirclep 
with several 
edges 
about 
two-fifths 
as 
long 


$s8the radius. 


not spots 


From about5 to 40 mil.1.iseoonds 
many brightspots 


surfaceof tk ball. About200 couldbe seen in one vlaw. 


appearedon the 


Almostall were 


from 1 to 3 meters in radius,but two were outstanding@large. A spot 
at 


{ 
latitude 
@@, 
azimu h 190,me 
8 meters in radiuswhen it fadedinto the 


badggroundat about30 milliseconds.Anotherhot spot is discuasedunder 


“AreaboundarSesfi~ 
beloW. 


G 


Area boundaries 


Mild dlfferenoes in brl&btnessbetweendifferentpartsof the 


surfaoebecameevidentat g@ut 1 MW.ISCMXM, 
ad 
persisted 
until 
the 


shockwnve becamadark. The;boundarylhem wex% sharpam 
smooth. 
A 


.! 


little while after MM separationof the shockwave fnxn the ball of tlre~ 


the oontrastbetweenareasbeoemounmtioeable,but the lines beome chrker 


than the areasthey bo-ed 
end appearedto be in or close to the shook‘wve. 


A hot spot at latitudei6@, azimutht3Q,evidentlyrelatedto R 


blisterPJXW1OU83Ydescribed@eQ. 11S Blisters)~ gmw 
in radiusfrom 4 


meitersat 16 millW$00nd8 to 12 me’tezmbeforeit faded out of sight at about 


100 nd.11.iseoonds, 
Xt went from notioeab~ ooolerto noticeablybrighter 


than its bacM@ound at about 5 miUiSOOOndS,and Wmr 
againat @bmt 59 


Mixuseaonds.“ 


(- 


It was surroundedby en area thatwas wm@@at 
br%bter than 
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:0 
G 
:: 


G**:**G. 
mi31iseoonUs. 
Zhis 
2w@y 
alroulararea 


40 
meters 
belmen 
16 
and 
100 
milliseconds. 


Xt 
was 
not 
pcwibls 
to 
trace 
the hot 
W@ 
ml 
boundsrg 
snre3y 
betWeOn 5 
ani 


IS rnilkiswmds, 
but from @e 
faot 
that 
@ 
2 millisecondsthe bZlsterwas 6 


appearstMat the boundam of the bliste%beotmethe ama 
bOW’J&XYgand the 


hot sgotwas a sort of nucleus.‘\ 


‘iheboundariesmentionedharetwhichwere Nletiww 
staticin 


$ 
azimuthand latitude,are not to be conflased 
with the pre-groundstrike 


bouwiaq of %he hot bottcdn$the boundaryof the curtain,or the bouuiarg 


betweenthe Moh 
front and the sphericalshookfront. 


P 
The intervalfrom 
leg 
end 10-1 secondswas chwauterized 
by 
the 
, 


breaki~ up o} the heretofore 
siwle 
frontintothreefronts. 


Separationof theshockf’rent from the ball Of fire 


E!efore16 millisecondsonly one frontwas dlacernibleon the 


photowphs, 
Wth 
the exceptionof the 100alirregularity 
ies listedabowe$ 


the -e 
of the shockfrontappearedas a uniformlybrightdisc. After 
. 


(16i.1) millisecondsa slightdarkeningof the limb was noticeableend 


thereafterthe relativelyfaint but sharpoutersurf’meof‘thesphere, 


which we shallidentifyhereafteras the shookfrontO c@inued 
to -d 


accordingto Eq. (2),fihilethe brightcenterregionfell fartherand 


farther 
behind 
it 
(Figs. 
1, 
49 6)* 
At a~ 
fixedtime thereafterwhile it 
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ball of fires”de~reaaed~raduallyin br&htness with inore~s~ 
radius. As 


a conseque~s 
the boll of fire~ unliketie shockfnnt ~ was not susceptible 


to uniquemeasurement.The disagreementsemow the valuesof the radiusof 


the ball ot fire in the fi@uws am to be attributednot to disagreements 


in neasummente~but to differencesin ex&ura 
conditionsamongthe several 


. 
oameras~ with consequentdifferencesin the regtonof greatestoontraat~ 


(i.e.,densl~ @adtent), whlohvJas arbitrarilytakento measurethe approxi- 


r 


mateextentof the ball, 


between2“108 


ball. of fireqpandedwtth 


and 3.lCF meters (cf.SeCG 


by the skirt). 


Dark front 


At 
[32 


decreasingvelocity 
to a radius 


IX, Partial 
envelopmentof the ball 


i 3) millisecondstkre aplltoff behindthe shookfront 


a dark front$whioh pm@xx$sed 


(FiGso1, 6, 


mm 
M that 


at the shook 


seconds,the 


8). 
The contrast 


thereaftermore slowlythan the shock front 


at the dark h 
nt was origlna12Yalmostthe 


atthe SMC3Sfmmt, but decreasedmore slovtlythsn the contrast 


front, 
so that~ile theslmck fnontbeoame invisibleat= 10”1 


darkfrent offeredstrongoontrast at 10”1 seootisand was 


noticeableuntilalmst 1 seqond~ 


‘fhedarkfmnt 
ev$dentlyoonslstedof absorb$u matter. lhXMbly 


dynemioconditionsvithln ths Shoak 
wave. 
It 
Is 
evidentthat the foxmation 
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of the compoundrequiredan inoreasir@enmuntQf tillsas the pressureand 


temperature 
within 
th 
shook wave deorea~ed. 
A more detailedhypothesis 
/ 
\ 
of the dark wave is ti preparation10, 


Departuseof the shockvelocityfromthe two-fifthspewerlaw 


whereasthe shookfrontfollowedthe two-fifthspower law Up to’ 


the pointof departureof the dark frontfrom it (32A3 milliseeonds~ 


143’~6 me%rs ), both frontsdepartedf’- the tvJo-fifths 
powercurvenear 


the pointof separation 
: 
the shook front 
treveled 
ahead of 
it 
and the 


dark frontbehindit (EIGB.lS 6, 8). 


Very soon attcr.the separationsthe excessTebcity, i.e9s 
the 
P 


shook frontvelooity~ minus the sound velooltg~ [where~ F 
344.4 
metem 


V- 
9 
I%61dR~’19 
Eq. (3 


where the 
ex’jymmt 
-1,19 
is G COUzYltOto abOUtt0.~. 
Ne8r 0.07 seoonds 


(2,CP102meters)thereappear8to be another 
ohange in the velocity,to 


Stwlfyxh 
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W 
faot, 
our poink In the nelgbborhoodof the bzeak indicate 
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the Ix’fNik” 
< 


‘theSmsu 


p9rtional 


departure 
frcm that law with the sepa~tiion’ 
of the shookv~ve from the 


XlomenaoIt has 
been su&yxW&l 
by KcC3eethat the un&pected hi@ vdlooity 


of the shockwave in t‘hisr@6n 
may arisefxnm the absorptionby the 
‘. 


shockwave of rtidiantene~ 
that originatedin the ball of fire 6nd waa 


Imansfmmd in 


lnfra-red;the 


with the point 


thedarkfmnrt 


coincidenceof 


fmm 
the ulixsvioletor visibleinto the’ 


the split~f’t 
point 
between,the two frontm 


Of de~rtureC& theshook 
front trcm two-fifthsPower 


dependanoelandswet(sltto MGee’s qstlon. 


lhephcwmenaof the formationof t m 
dark Crontandtheon- 
/ 


VXI. 
dkJw,CTICJN 
BY 
lUii 
SHOCKl’laNTAT 


than the one describedin this section 


f rent deserveinteneive 


. 
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substantially 
recti~inear 


measurementson the films 


xXmKlttO 
13MI13U1’13EWlltS 
On the objc)cts 
o On tlieotherhaxxl$ 
the 
niqxmmt 


( 


firisi~ 
from the refractlon~fIi@% at a 
7. 
withinthe shookfronton its 


Ona of the ballq~ncablesextendedupward,leaningsl~,htlyte- 
/ 
ward the towerfrom a poifntof attmhment on the @ound displaced213.2 


meters ifs216 meters 
S from the point dirwtly uxier the gadget. Light 


tcreveli~from the cable to the cauwaa in the directionlU$after the 


P 
shockWaV~ 
had exPsnled 2.0“102 m@erS ~ traversedthe shockfIUnt. Points 


seen th~ugh the wave appearedfartherfrom the center 
thantheyactually 


were~ and points‘thatin the absenoeof refractionwouldhave appsmed 


%Jithinqbout2 metersof tha edge~ were not seen; Instead,the -e 
of the 


cableappearedhookBd,with pointsbetween2 and 4 metersf’rcmthe edGe 


appoarlnglxrhe. Incidentally,sincethe shookfnmt 
in this regionwas 


- invisiblethe outoffpointma@ 
the only convenientxoint fbr the measura- 


xnent of the radiw O 


Evidentlyin the earliestMitchellcamerapiutum 
of the refraction 


hook {0.072seconds), the refraot~ontookplace In the Rach frent,and in all 
“ 


the laterpictures~ An the spherioelshockfronti for o circlewith ite center 


at the Ima@ 
-pointoorreepondi.ng 
to theoriginalCat@et oenter,and radius 
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BIG. 
9 
shows the 
W3plaoemnt 
M a i%m?tion 
of 
Ustanoe 
wit2M 


the ehoakwave tor each of the o${-~tMitchelltrams in which the phe- 


nomenonappeers. Frccathosedata an attamptw311 be nade in a laterre- 


density 
as a funotion 
of distance 
within 
the 
shock 
wave. 


W?’ 
TII? 
AIR AT U*lO-l SEOONDS 


The picturesin whichthe ballooncabla1s shownhe= 
pushed 


asib 
by the shockfrent 
yielded 
an op~nxatunity for 
a determinantion. 
not 


oxi.yof the shookfn nt velocity~ but of the actualmotionof the natter 


diJplacedin 
the 
shock wave. 
lhe motion 
of 
the vapor 
can ha considered 


to be the saraaas that of the air if the cableis asmaaedto have been 


density 
differencebetweenthe air and the leastdenseparticlesof the 


visible 
rmaina 
of 
the balloon 
oablet 
as well 
as any inhomo~eneity 
arising 


from the prosenee 
of the hi@-temperaturevapor. 


Fig. 10 shows the motton of 
the vapor 
front 
subsequent 
to the 


arrivalof the shookwave, in the casesof severalelements 
of 
volume 


originat 
i~ 
at different 
distanoes 
&am the center 
of 
the explosion. 
Since 


measurements were made only 
on the f rent S the velociw valuesziven are 


those of the fastestaewlmeted particlesonly. In every caoo 
there 
1S an 


almost 
cent inuous 
utream of 
IJarticlesbehind the.t’rent 
and in a few instances 


therearestream backto d.mostundis~lacedPar$iolesevidentlymuchmore 


dense 
than the 
Surroucd%n g air. 
me apexes,Wili.Oh 
are our extrapolated 
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valuesof the nmterialveloaityin the shockfrontitself.are from 10 to 


12. The epreudprobablyro- 
30 per oont greater than the calculatedvalues 


presents a random error 
of alSout10 per oent in our velooityvalues,whioh 


. 


dependsensitively 
upon the oh~~ceof curvesthrough 
our experiwmttdspace. 


time points. The averageuxoessof 20 per oent in our valuesQver the oal- 


oulatedvalues may arise, 
at 
leust in parts 
from the inhmogsm~.-~y of the 


I’mrtialenveloxm@ntOf the bdl.bythe 
skirt 


Eetweenone-+.snthsecondend one spcond 


heightuntil it hid most of the ball of fizm,end 


inariesto the great oonvectionrmvement~ 
whioh 
P 


thedust @sir$uFoW 
in. 


thereOml?od’the prelim- 


the 


imd the upper part 
of 
the dust 
skirt 
coahmcod 
Into 
e 


become the new C~Oud Of 81!10kee 


originalball of fire end 


body-thateventual~ 


The horizcmtal radius of the ball of fire Itselfreacheda praeti. 


tally constantvalueof (2.0XD.2)*1.02 
meters at about0.15 seconds,while 


the upper radius$probablyon accountof the inoipientconweotionnxmement, 


conthmouely inoremwd throu@out tho firstseoonduntil the end of that 


ball 
of 
fire 
continued 
to make e unique Inessum?mentOf the 
X?C?@M:AQOIMble 


untilthe indefiniteballbeganto be ZWPLMXNby defititewoutli~edflames 
. 


12 
BrinkIey,ICirkwood, 
aad Richardson,OSRD-”!5S0, 
oorrecrtod 
w“44ref’err-: 
to 
the Trinitysoundvelooity(cf.ref. 11.). 
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Transitionfrom the ball-of-firestageto the smoke-cloudstage 


At 1 second$he duxraeter‘of!the tiudmrielleft by the e@osion 


was o.hangi~rapidly. At this Znstxmtthe materialconsistedprimarilyof 


two poxtions;a ball of fixw,whiohhad bomxm acmmhat elongatedvertleal~, 
/ 


and’- 
onlythe upyer pafi of whichcodd be seenf~m 
our _ 
positions; 


and .askirtof dust,whichhad gxwwn verttcal@ until it almostl:idthe ball 


of fire. In the intervalbetween1 and 3.5 secondsa new cloudof smoke 


p’ 
f’ormedfxwm the ball of fire and the uppm part of’the skirtsand ~radually 


changedshapeuntilby aboutIe secondsit had bdaomealmosta sphere,a 


shapeit retainedforseveralminutes. ‘ihaneckiw of thedustskirtwith 


the I?omnation 
of e torusanda stem, 
and the 
variations in upward motions 


describedin thissection,areallminor~hasesof thefomntion 
and 


Of the Cloud Of smoke. 


Stomwz e and rer 
ionti 
the 
ascent 
Of the top of the ba12 


After 
ris~ 
steadily 


ball of i’ire, 


substantially 


i.e., 
the highest 


constantaltitude 


It 
then 


seconds 
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throq$wut 
the 
first 
seoond, the top 


acquiredan upwardvelo~ity,almostall 


(cf. 
J?oxnEltiosl 
And 
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rice 


of the 


easemble,remainedat a 


from 1.0 to 2.0 
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The top of theskirt~t@?ial ha(lsuddenw sloweddown at 0.7 


samnds 
from c vertical 
veboiw 
of ebout2” Id 
meters per seoondto one 


of eMbutone-fifthof that 
vahae. Dwing the psuse in the rise 
of the top 


of 
the 
ball 
of fire, 
the skirt 
msterU3, 
continued 
%ts rise. gatheting 
about 


the mataxhl. 
of the 
ball 
of fire 
until the top of it 


surfaoe,AUOh wider thanthe ball of fire and almost 


. 
Fran two to four sectis the shapeof the upperpart 


bewame~that of a tcmusor vortexring, 
/ 
strow upwardcon.eotion et its axis. 


appro~mate-@’constant,and the top of 


Neck formation 


presumably 
011 


fonmd an almost 
plane 


M@ 
enou@ 
to hide it. 


of the skirtrapidly 


acoountof the ineipient 


‘Iheouterradiusof the skirt remained 


the 8Mrt 
ConttnuedIts s~ 
rise. 
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AS the top of the ball or cloudresuuedItsdae$ the sidesof the 


flat-toppedporttonof the sktrtmaterialbecamesteeper,and at (3.5*0.5] 


(- 
seconds,whenthetop of the skirtmaterialtIJaaat 390 esters, 
en actual 


ninimun or neok foxmd 
$n IM 
skirt 
material 
at an altitude 
of 
(128 f 3) 


me%ms. 
Thenoeforward, 
theradiusof the neck steadilydecreased,going * 


fmm 
360 metersat 3,5 
secohds 
to 
99 inters 
d 
23 seconds. The altitude 


of the naek~afterremaini~ tithin10 metersof its ori@al 
valueuntil 


7 seconds, 
beganan increasethatattaineda maximumrate 


per seoondat 16 seconds, 
!ihemafter~at leastuntil its 


groundwas lost @ 
22 seconds(620 meters~ the neek rose 


avor~ingabout50 intersper swxmde 
\ 


e 
Convect ion stem 


Of abaut90 meters 


contactwith the 


@ 
a lowerrate, 


The 


solidmatter, 
6’ 


neckwas followedin its rise by a great stem,apparentlyof 


cau@t up by conveotion. The stem was narxxnvest 
at the neck. 
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Zts sideswere conoaveupward,reaahing 
the $round 
tan@mtia13y. 
Yhlle 


this 
ta~sntlal.structurepreventedan aoouratemeaSuWment of the botitom 


radiusafter1.8 seconds,it can be statedthat the m%3iuaQf thestem at 


the @ound 
was 
of the same order of me@tud@ 
se the radiusof the cloud. 


=ulenee 
near the neck Gave rise to a mlnos branohin the unperpart of 


the at- 
leedi~ tO amb~ties 
in the mee&r%xnsnt Of tho hei@t 
Of the 


stunand relatedquantities,between14 and 20 oecori%s. 
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Format$anand rise of the smokecloud 
. 
VMl@ these ohangeswere going at theperipheryof the Skirt$ 


a considerablymore $Iolentproaesswas starti% insideit. Matter fram 


withinand below the torusspilledover the top of the torus,and a new 


ballor cloud’of’smoke$COIISiS%iM 
of the torus and the superposedmatterO 


( 
‘“ 
began to rise. 


at 2.0 seconde$ 


was part of the 


me 


was 


seoond$convectiveriso of the top of 


quite differentin characterfrom the 


the ball,beginning 


first 
rise,whioh 


evidentl~&m t of a body 


s~ymmetris 
expansion. 
This time 
the boundary 
was 


of incandescentndmrial~ or later,of smoke,cnrriod 


in a convectivemovemente In the halfsecondbetween1.5 and 2.0secondsthe 


measureddisplmanentof thetop was 1 meter downwa~, and IIIthe hdf 
‘&cond 


between3.5 and 4.0 secondsit was 43 m ters upwaml: thus the &tveraGeup- 


wardacceleration 
duri~ thistwo-secondintervalwas 4.S&. Thereafter, 
the 


rate of risedecreasedsomewhat,and after5 seuordsit was marly constant 


, 


at 57 meters 
pm 
second? at least 
until 
the oamra 
10P t its 
relationto the 
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ground 
d 
1500 meters (fi~.31). 
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At the time of’formationof the smoke olouds it (xmsisted 
of the 


tmus 
of’ skirtmaterial 
with a relatively 
mall 
volumeof mwttorpiledover 


it% Omter. 
For a few seoonds this pilegrewwithautgre~tly 
aff’eoting the 


tQruIS~although 
the 
half!deight 
of 
the 
toru6 inoreased 
considerable. 
By 8 


s@oond8the portiontibovethe toruswas ohapedsomethinglike a thimbieO~th 


S~Opi~ 
sides. 
l?rom 10 to 
15 seconds 
the 
whole 
graduallyohangedshapeto 


very nemly 
a sphere. 


an increasingly 
oblats 


rutio 
of 
horizontal 
to 


After 
M smonds 
the shape WU8 approximately 
that of 


spheroid~ with 
its axis vertioal 
at 
60 
seconds 
the 


vew%ioal 
dinmet.ers was approximately 
4 to-30 The 


n06trmr@pheri@l8hap@ persisted 
fOr @Uly minutes~ 


~sistenoeof 
the 
torus 
in 
the 
woke 
oXoud 


P 


During 
the 


qhioh, 
oonatituted 
the 


within 
the 
oloud~ 
The 


early 
part 
of 
the 
riseof the smokeolcwd~the 
torusa 


lower 
part 
of 
the oloud,maintaineditsidentity 


boundaryofthe torus was dedinite 
as &n @pproximately 


horizontaloircle 
until 
about 
22 
seoonds, 
afterwhioh it gruduallybeoanm 


harder 
to 
di~tiuguisho 


‘Xho vertkd 
half-height 
of 
the 
torus 
i%mlf’. 
after 
inoreas~ng 


rapidlyfrom 60 metersat 3.6 ssoondsto 210 metersat 10 seoondsuremained 


approximately 
oonstant 
until 
1S seamds 
and then 
deareased 
to u nearly 
aonstant 


value 
of about 
13Clmeters 
at 
18 seoonde? 
whiob 
it maintained 
aIJ long as it 


was diatirqgaishabls~ 
although 
the 
aloud 
itself 
cont$nued 
to 
grow in 
hei~to 
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lheapproximateVOMDMS 01 the torusandthewholecMM 
are 
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givenin ‘itable 
V. 
No attemptis made hero to oalculatethe actualaoorettonof’ 


Materi~lin the cloud,whichwould have to talm intoaccountncrtonly the 


nedwreand tarqwrature 
of thematterin the cloudbut Alsothe m-etaorolociml 


conditionsencounteredduri~ itsrise13. 
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hot, 
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oentor 
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thatwhile th~ humidityWas 


oonstmntvalueM 
about50 per cent,untilat 


%3 
increamdto saturation value’ 4 


Photographs 


rarefaction. 
folMwJing the shockwave passedthmua 
layersat 3.39 4.2e 
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Rein0s14. 
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Themnm~e 


@loud mm 
After 
35 


tramMcalizedflames 


brightnessof the cloudgraduallydecreased 
as the 


secondsmost of the li@t from the cloud itselfwas 


thatprqyesmd throu@ the clouda- onevnuldwpeat 


in a cloudwhichhadGatheredup a greatdesl of finelydivided,incompletely 


burnedmaterial.At about20 secondsthe lightflrcxn 
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to suoh anetient that a dim glow beyondthe surfaceof the aloud showed 


relativelyprominently.‘II@Qow was brightestat thesurfaco of thecloud 
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Distances 
are GivenIn ldlometersg 
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TirMs 
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